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An Account of a new Method ^ILLUMINATING the 
WIRES, and REGULATING the POSITION of 
the TRANSIT INSTRUMENT. By the Rev. HENRY 
USSHER, D.D. S.RT.C.D. M.R.I.A. and F. R. S. 



X T is now univerfally allowed that the paffages of the celeftial 
bodies over the meridian are more eafily, more* abundantly, and 
moref accurately taken by means of the trarifit inftrument, than 
by the method of equal altitudes. 

Every attempt, therefore, to improve this valuable inftrument 
is of importance ; and as there are fome particulars in the tranfit 
inftrument of bur obfervatory, which appear to me to be advan- 
tageous improvements, I cbniider it my duty to lay them before the 



* On account of the uncertainty of weather, which often prevents the cor- 
refpondent obfervation of altitude. 

t On account of the variation of refraction at the given altitude, if the ftate 
of the barometer or thermometer, or both, mould be different at the times of the 
two obfervations. 
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Academy : and in order to form a more juft eftimate of their 
value, I have given fome Sketches of this inftrument, as com- 
monly executed, with a brief defcription of the ufual modes of 
illuminating the wires, and fubjoined the method adopted in that 
belonging to our obfervatory, with fome other more important 
particulars. 

Fig. I. Plate III. reprefents the inftrument as commonly con- 
flicted, mounted ready for obfervation. The detail of the parts 
is unneceffary, the inftrument being in fuch general ufe as to 
be known to every one. The candle or lamp for illuminating 
the wires by night is here made to defcribe a circle equal and 
parallel to that defcribed by the reflecting furface placed before 
the object glafs, the centres of both lying in the fame right line 
parallel to the horizon. This movement is effected by a fimple 
apparatus reprefented in Fig. II. : it confifts of a ftrong ring of 
wood, which furrounds the axis of the inftrument at a fmall 
diftance, and is made faft to the pillar ; this ring fupports and 
confines another, which has a liberty of circular movement, and 
carries the two arms A. B. one fuftaining a lantern, and the other 
a counterpoife > the lantern is loaded at the bottom, and plays 
freely upon a pin placed above its centre of gravity, and there- 
fore always preferves a vertical fituation ; it is fo contrived as to 
let out the fmoak at the back part, by which means the obfer- 
vations are lefs affected by the tremors arifing from the vapour of 
the candle. 

There is another method, very convenient for fmall inftru- 
ments, which I firft faw at St. John's College, Cambridge ; it is 
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reprcfented Fig. III. In this, the centre of motion of the arm 
which carries the counterpoife and lantern does not lie in the 
axis of the inftrument, but at fome diftance above it, by which 
means the axis is difengaged from furrounding wood-work, which 
is an obftruclion to the facility of reverfing the inftrument for 
adjufting or verifying the line of colli mation ; and that the light 
in the lantern may move in an arc equal and parallel to that 
defcribed by the elliptic illuminator, the light muft be as far 
diftant from the point of fufpenfion of the lantern, as in the 
centre of motion of the arm above the axis j in this method, 
therefore, a lamp or a candle with a fpring focket muft be 
ufed. 

In Fig. I. and III. the two fpecies of elliptic illuminators, ufu- 
ally applied, are reprefented ; that in Fig. III. is an elliptic ring 
of pafteboard or other proper fubftance made white j the lefTer 
axis of the ellipfe is fomewhat lefs than the diameter of the ob- 
ject glafs , — the other fhown in Fig. I. is a fmall cylinder of ivory 
placed opposite the centre of the object glafs : In each the fur- 
face is fet in an angle of forty-five degrees to the axis of the 
telefcope. Doctor Mafkelyne, whom I believe the inventor of 
the folid illuminator, has improved it lately, by fubftituting for 
the ivory furface a fmall reflecting mirror, by which he obtains a 
fufficient quantity of light for the wires, without fo much lofs of 
the central rays. 

In our tranfit inftrument the entire light of the object glafs is 
preferved by a moft fimple contrivance : — That pivot of the axis 
which refts upon the plate that regulates the motion in azimuth, 
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is perforated with a fmall hole, and in this is inferted a convex 
lens j the plate and the pillar are perforated alfo in the direction 
of the axis ; the perforation in the pillar near the back part is 
three inches in diameter j in this is inferted a tube carrying ano- 
ther larger convex lens ; to this tube is attached the lantern, in 
which the flame of the candle is kept always oppofite the axis of 
the tube by means of a fpring focket. 

The rays of light iffuing from the candle are by thefe lenfes 
brought to a focus immediately beyond the fmall lens inferted in 
the pivot, and diverging from thence, within the conical axis, 
are intercepted at the fquare box in the centre by a diagonal 
plate of filvered brafs, which reflects the light down to the 
wires ; this plate is perforated with an elliptical hole, to let the 
cone of rays from the object glafs pafs through undiminifhed. 
See Fig. IV. 

To temper this light in proportion to the ftar obferved, 
there is a green glafs increafing gradually in depth of tint 
from the top to the bottom : this, glafs is fet in a brafs frame, 
which Aides in a dovetail between the azimuth plate and the 
pillar } and the elevation or depreffion of this is regulated by 
a lever, the arm of which is readily brought to the hand in 
any pofition ; this lever confifts of two feparate arms, which are 
prefled together by fcrews, and each turn upon one pin inferted 
into the pillar: by lightening the fcrews the friction of the 
arms againfl: each other may be fo increafed, that when the 
longer arm is moved the fhorter one moves with it, and raifes 
or lets down the glafs^frame ; when this is raifed to the greateft 
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height, then the fhort arm preffes againft the bottom of the 
azimuth plate, and any additional force now applied overcomes 
the friction at the centre ; fhould the motion of the arm be 
required in the oppofite direction, this is effected by making the 
fhort arm prefs againft a pin placed below it, with a fimilar 
effect to the former, the force applied overcoming the central 
friction as above ; and thus the long arm may be brought parallel 
to the telefcope in whatever pofition it is fet for obfervation. 

Fig. V. reprefents the lever and glafs-frame ; the azimuth 
plate is reprefented by dotted lines. If it be required to move 
the long arm from the pofition there reprefented to a vertical 
fituation for an obfervation in the zenith j then by deprefling 
the handle x, the fhort arm a, a is raifed and pufhes up 
the glafs-frame, until a, a preffes againft the bottom of the azi- 
muth plate, where, as it can go no higher, any additional force 
in that direction overcomes the friction at the central pin (d) and 
the long arm is readily brought into a vertical pofition, the 
fhort one remaining at the azimuth plate ; and in this neW pofi- 
tion, the lever has the fame power of regulating the defcent of 
the frame as before : if it be required to put the arm into an 
horizontal pofition, the prefTure of the fhort arm againft the 
pin (p) inferted in the pillar below it, overcomes the central fric- 
tion in this direction ; h reprefents the hole in the pillar through 
which the light comes ; n, n the brafs frame ; b, b the green 
glafs. 

In juftice to Mr. Ramfden I muft obferve, that it was not 
without fome difficulty that I prevailed upon him to introduce 
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this mode of illumination in this inftrument, he being juftly 
cautious left the heat of the candle might have any effect on the 
axis ; but feveral hours carefully employed by him and me in 
critical experiments, fatisfled him fully that his fears were ground- 
Iefs, and I can now by experience of the inftrument pronounce 
them fo. 

This mode of illumination has many advantages. Firft, the 
object is not rendered tremulous by the vapor and flame of the 
candle decompofing the air at the objed glafs. Secondly, no 
part of the light afforded by the object glafs is loft. Thirdly, you 
can diminifh your aperture at pleafure without the trouble of 
altering your illuminator j whereas if the annular one be applied 
a different elliptic ring muft be provided for every diminution of 
aperture j if the folid illuminator be ufed, you cannot diminifh 
the aperture very much, and preferve the valuable central rays *. 
Another ufe of this method has occurred to me fince I began to 
apply it, which is this — by accurately dividing the ftem of the 
glafs-frame, and removing the green glafs, we might more cer- 
tainly determine the different magnitude of the ftars, by noting 
the quantity of light neceffary to efface them. 

I now come to the principal improvement in this inftrument ; 
an invention that does high honour to Mr. Ramfden, and is a 
moft valuable acquifition to all aftronomical inftruments where 
plumb lines are introduced. 

* The advantages of a great diminution of aperture on particular occafions I 
foall mention in a future paper. 

The 
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The Method of adjufting the horizontal Pofttion of the Axis. 

Every one muft allow, that the adjuftment by the fpirit 
level is of all modes the raoft convenient, but it is not without 
its defects ; there are few levels true to lefs than two feconds in 
winter, when all levels are moft iluggifh; add to this, that the 
pivots of the axis muft, for this adjuftment, be accurately of 
equal diameters, and perfect cylinders j we muft alfo take into 
account the danger of any partial heat reaching the glafs tube, 
which will create an enormous error. 

To remedy thefe defects, a plumb-line has been fubftituted, 
but generally not well contrived. The ufual adjuftment by the 
plumb-line has been, to attach two fmall pins to the tube of the 
telefcope, one near the object glafs, the other near the eye end 
of the tube, and to make a plumb-line, fufpended from one of 
thefe, pafs over and bifect two fine points, one near each end of 
the tube ; then, inverting the telefcope, and fufpending the 
plumb-line from the other pin, to fee whether it bifect the fame 
points again ; and if not, to correct half the error in the ufual 
manner: but this appears to be dangerous to the line of colli- 
mation. 

Mr firft attempt at adjuftment by the plumb-line in the 
year 1774, was to fufpend a brafs rod by hooks on the pivots, 
like the horizontal bar of a level, and to the middle of this I 
attached a vertical bar with two fine points, and a plumb-line ; 
but this was fubjedt to inaccuracy, unlefs the pivots were pre- 
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cifely of equal diameters. I then contrived that the bar fhould 
not hook on the pivots, but be preffed upwards by a fpring 
againft their under parts. Fig. VI. (hews the principle of this 
adjuftment. A is the extremity of the pivot of the axis j c the 
fpring, which is attached to the notched piece n, n, refting on 
the pivot, and forcing the piece T, T upwards, which raifes 
the whole adjufting tool, and keeps the notch 1, 1, bearing 
againft the lower part of the pivot ; 1, 1, m, m is a piece 
Similar to the vertical bar of a level feen in profile; o, o is 
the profile of the perpendicular bar which ftrengthens the hori- 
zontal bar j to the middle of this is attached the vertical bar 
y, y, with two fine points, one being moveable ; befide this hangs 
the plumb-line x, x, with the plummet P fwinging in water. 

Although this adjuftment was independent of all inequality 
in the pivots, yet it was objectionable, becaufe during the adjuft- 
ment there was the weight of the tool on the axis, from which 
it was difengaged in the act of obfervation ; whence the inftru- 
ment was proved and applied in diflimilar circumftances. But 
whilft I had this tool actually in hands, the following elegant and 
unobjectionable mode was devifed by Mr. Ramfden, which 
immediately made me lay afide all thoughts of the former ; and 
in fad I know of no late invention that feems to promife more 
towards the improvement of all aftronomical inftruments where 
plumb-lines are applied. 

In one fide of the tube of the telefcope, and twelve inches 
from each end of it, he makes a fmall hole, and inferts a very 
thin femipellucid bit of ivory, with a black dot in the centre ; 

in 
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in the other fide of the tube, oppofite to each of thefe, he in- 
ferts a convex lens ; now it is obvious that an image of each 
dot will be formed in the conjugate focus of its correfponding 
lens. The tops of the pillars fupport a brafs frame, carrying a 
plumb-line and two microfcopes, placed directly before the 
images of the dots, to which their foci are adjufted, fo that 
the images are diftincT: and magnified; and -the plumb-line 
being moveable by fcrews at the fufpenfion frame above, is 
made to fwing through thefe images. Nothing can be better 
imagined than this. 

In the firft place, the adjuftment is applied totally independent 
of the inftrument ; and fecondly, the plumb-line hanging in the 
images themfelves, there cannot poffibly be any parallax on the 
wire, nor any corpufcular attraction exerted on it, as is probably 
the cafe when a plumb-line is brought very near to a metallic 
plate j inconveniences to which all plumb-lines have hitherto been 
in fome degree fubjed. 

The three plates are defigned to Ihew this valuable adjuftment 
more fully. 

Plate II. Fig. I. is a bird's-eye view of the top of the eaftern 
pillar. Fig. II. of the weftern. 

On the top of each pillar, and in the direction of the me- 
ridian, is fhewn a prifmatic bar of brafs, A, B, feen in profile, 
and of a larger fize in Fig. III. The horizontal pofition of this 
bar is obtained by the capftan headed fcrew t, and is fixed by 

the 
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the other capftan head T ; the application of the other capftan 
headed fcrew D, with its fetting fcrew, will be (hewn in the 
application of the adjufting tool. 

On the top of each pillar is a brafs cock marked C, and feen 
in profile, and of a larger fize in Fig. IV. j in this the fcrew 
X works vertically, and is fet by the fcrew Y. 

EGF H I is a frame covered with green filk to fcreen 
the axis from the fun*. K, K. are holes in the filk to let the 
hooks of the counterpoifes through, to relieve the Y plates from 
the entire weight of the inftrument. 

Plate III. Fig. I. fhews the adjufting tool, the notches N, N, 
cut in the end of the horizontal arm, reft upon the prifmatic 
bar fhewn in the former figure, and the extremity Z, of the 
horizontal bar at right angles to this, refts upon the point of 
the vertical fcrew, which works in the cock C, on the oppofite 
pillar. C, P is a fine filver wire, fupporting the plummet P, 
which fwings in a glafs veflel filled with water, as is ufually 
done to check the vibration. X, X are the two microfcopes, 
into the focus of which the wire is brought by the fcrew C, 
fhewn more diftin£Uy in Fig. II. in which D is the head of a 
fmall fcrew, which confines the end of the plumb-line under 
its fhoulder, the plumb-line hangs through the hole H, and 
refts in a fine notch cut in the chamfered edge S, S. The fcrew 
B draws the whole fyftem L M N R eaft or weft, to draw 

* The view of the counterpoifes is here omitted, not to embarrafs the figure. 

the 
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the wire oppofite the dot $ and its pofition is fecured by a fpring 
concealed in the tube A. The fcrew C, as mentioned before, 
moves the frame abed north or fouth, and its place is fe- 
cured by a fpring (hewn in the figure. W is a pinion which 
works in a rack that fupports the glafs veffel filled with water ; 
by means of this the veffel can be raifed fo as to relieve the 
wire from the weight of the plummet when the machine is 
moved. 

Plate IV. Fig. I. fhews a Skeleton of the ad jutting tool on its 
fupports, and parallel to the telefcope B B, which during the 
adjuftment is always in a vertical pofition. 

Fig. II. is the fame in profile. Q,, O, are the dots ; o, o the 
lenfes, by means of which the images of the dots are formed in 
the conjugate foci at S, S ; thefe images are diftinclly fhewn by 
the microfcopes x, z ; the plumb-line is made to fwing through 
one dot by means of the fcrews at the top of the adjufting tool 
already fhewn in Plate III. Fig. II. ; whilft the other dot, which 
is moveable from right to left, has its image brought to the wire 
by means of a fcrew S in Fig. III. Plate III. which reprefents the 
piece which carries the moveable dot. We now fuppofe that 
the plumb-line fwings through the centre of each image, and 
the true pofition of the tool is fo far obtained, provided the 
plummet hangs freely in the middle of the glafs veffel, which 
will be the cafe when the arm, which refts upon the prifmatic 
bar, that is, when the bar itfelf is horizontal ; this is obtained 
by the capftan headed fcrews t, T, Fig. III. Plate II. Provided 
alfo that the other arm C, L, is truly horizontal, which pofition 
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is obtained by the fcrew, which works vertically in the cock 
C, Plate IV. Fig. I. and Plate II. Fig. IV. 

The juft diftance of the tool from the telefcope is fhewn 
by the diftindt vilion of the images ; and in order to obtain the 
fame diftance exadtly at all times, the fcrew D, in Fig. III. 
Plate II. is moved, 'till its point juft preffes againft the end of 
the notched piece which refts on the bar, and is there fet by 
the fcrew S (fame figure). Let now the fcrew W at the bottom 
be turned, fo as to relieve the plumb-line, and let the tool be 
removed j then let the telefcope be inverted, and the tool 
brought to the other fide, and placed upon the other bar and 
cock, let the wire be made to fwing through and bifeel: the 
upper image; if now the telefcope has turned upon an axis 
truly horizontal, the plumb-line will alfo bifeel the lower 
image; if not, correct half the error as ufual, and repeat the 
adjuftment 'till all error vanifhes. 

Thus we fhall have the inftrument proved, without any addi- 
tional weight on the axis; we have the advantage of a long 
plumb-line, without parallax, or corpufcular attraction ; and all 
error of the artift in the diameters of the pivots is rendered of 
no confequence whatever. 
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apparatus for reverfing the Injirument. 

As the line of collimation requires conftant verification, the 
reverfing of the axis Ihould be rendered as commodious as poflible ■> 
particularly as this is always done to the greateft nicety by celef- 
tial obfervations, which will not admit of delay. I always prove 
it by the polar ftar *, and this is the method : I obferve the 
pafTages over the three firft wires ; I then reverfe the inftrument, 
and take the paflages over the two laft wires, that is, in fact 
over the two firft again. Now it is manifeft, that if the colli- 
mation be perfed, the intervals from the firft wire to the middle 
one, and from the middle one to the fifth, will be precifely 
equal, as alfo the intervals from the fecond to the middle, and 
from the middle to the fourth. The apparatus for this purpofe, 
(hewn in Plate V. Fig. I. is fo manageable, that I can reverfe this 
weighty inftrument without help in the fhort half paffage of fi 
Urfas minoris, in time to obferve the pafTage over the laft wire, 
having before reverfing obferved the paffages over the firft, fecond 
and middle wires. The horns E, E, being placed under the axis : 
the winch A is turned, which works with a double pinion in the 
rack B, which is double, having the teeth fet at alternate inter- 
vals, as fliewn in Fig. II. by which means the fmootheft 
motion poflible is obtained : this rack elevates the block C, hoi' 

The reafon why I prefer the polar ftar is, becaufe the fmalleft error in the 
collimation will, on account of the flow motion of this ftar, {hew a difference 
which cannot be attributed to the unavoidable error of obfervation, or cafual 
irregularity of the clock ; at leaft we know the limit by practice. 
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lowed conically to receive the extremity of the cylinder D, made 
to fit it; and this raifing the upper work on which the axis now 
refts, lifts the inftrument off its fupports, which is then readily 
turned round on the cylinder D, working in the cone C and 
female cylinder F, F ; and may be then, in its reverfed pofition, 
fmoothly and gently lowered down again to its fupports. 



